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(57) ABSTRACT

A memory comprising at least one memory cell operationally
connected to a bit line, a source line and a word line. The
memory cell comprises a substrate having a first source con-
tact, a second source contact, and a bit contact between the
first source contact and the second source contact, a first
transistor gate electrically connecting the first source contact
and the bit contact and a second transistor gate electrically
connecting the bit contact and the second source contact. The
word line electrically connects the first transistor gate to the
second transistor gate.
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MIRRORED-GATE CELL FOR
NON-VOLATILE MEMORY

RELATED APPLICATIONS

This application 1s a continuation application of U.S. appli-
cation Ser. No. 12/389,817 filed Feb. 20, 2009 which 1s based

off of Provisional Patent Application No. 61/112,264, filed on
Nov. 7, 2008 and titled “Mirrored-Gate Bit Cell for Magne-
toresistive Memories”. The entire disclosures of application
Ser. Nos. 12/389,817 and 61/112,264 are incorporated herein
by reference.

BACKGROUND

In general, semiconductor memory includes a transistor
clectrically connected to a source line and to a bit or drain line.
A word line, often oriented perpendicular to the source line
and bit or drain line, supplies current or voltage to the tran-
sistor. A typical semiconductor memory has hundreds to
thousands of transistors.

Reducing the size of a semiconductor memory 1s a constant
goal of memory designers. Size directly contributes to cost of
the memory based on the area needed for the memory. Addi-
tionally, the size directly contributes to the power require-
ments of the memory. In general, smaller s1ze memories cost
less and require less power.

BRIEF SUMMARY

The present disclosure relates to bit-cell architecture for
reducing the total area needed for a memory array. The two-
transistor architecture includes multiple contacts on the tran-
sistor contacts, thus reducing the overall bit-cell area and
increasing memory density.

The disclosure provides memory cells and memories
incorporating those cells. A memory comprises at least one
memory cell operationally connected to a bit line, a source
line and a word line.

One particular embodiment of this disclosure 1s a memory
cell comprising a substrate having a first source contact, a
second source contact, and a bit contact between the first
source contact and the second source contact, a first transistor
gate spanning and electrically connecting the first source
contact and the bit contact and a second transistor gate span-
ning and electrically connecting the bit contact and the sec-
ond source contact. A word line electrically connects the first
transistor gate to the second transistor gate.

Another particular embodiment of this disclosure 1s a
memory comprising a first source contact, a second source
contact, and a third source contact. The memory also includes
first bit contact and a second bit contact, the first bit contact
between the first source contact and the second source contact
and the second bit contact between the second source contact
and the third source contact. A first transistor gate spans and
clectrically connects the first bit contact and the first source
contact, a second transistor gate spans and electrically con-
nects the first bit contact and the second source contact, a third
transistor gate spans and electrically connects the second bit
contact and the second source contact, and a fourth transistor
gate spans and electrically connects the second bit contact and
the third source contact.

These and various other features and advantages will be
apparent from a reading of the following detailed description.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood 1n
consideration of the following detailed description of various
embodiments of the disclosure in connection with the accom-
panying drawings, in which:

FIG. 1 1s a schematic top view of a shared source two-bit
memory cell;

FIG. 2 1s a schematic top view ol a mirrored two-bit
memory cell;

FIG. 3 1s a schematic top view of a mirrored memory;

FIG. 4 1s a schematic side view of a portion of the mirrored
memory of FIG. 3; and

FIG. 5 1s a schematic top view of another embodiment of a
mirrored memory.

The figures are not necessarily to scale. Like numbers used
in the figures refer to like components. However, 1t will be
understood that the use of a number to refer to a component in
a given figure 1s not intended to limit the component 1n
another figure labeled with the same number.

DETAILED DESCRIPTION

In the following description, reference 1s made to the
accompanying set ol drawings that form a part hereof and 1n
which are shown by way of illustration several specific
embodiments. It 1s to be understood that other embodiments
are contemplated and may be made without departing from
the scope or spirit of the present disclosure. The following
detailed description, therefore, 1s not to be taken 1n a limiting
sense. Any definitions provided herein are to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

Unless otherwise indicated, all numbers expressing feature
s1zes, amounts, and physical properties used in the specifica-
tion and claims are to be understood as being modified 1n all
instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the
foregoing specification and attached claims are approxima-
tions that can vary depending upon the desired properties
sought to be obtained by those skilled 1n the art utilizing the
teachings disclosed herein.

As used 1n this specification and the appended claims, the
singular forms “a”, “an”, and “the” encompass embodiments
having plural referents, unless the content clearly dictates
otherwise. As used 1n this specification and the appended
claims, the term “or” 1s generally employed in 1ts sense
including “and/or”” unless the content clearly dictates other-
wise.

The present disclosure relates to memory cell architecture
that utilizes shared elements to reduce the area needed for the
architecture and thus provide increased memory density. The
memory cell architecture includes source contacts that are
clectrically connected to two transistor gates and bit contacts
that are electrically connected to two transistor gates. The
memory cell has “n” bit contacts and “n+1”" source contacts.
Additionally, multiple (e.g., two) transistor gates (e.g., poly-
silicon transistor gates) are electrically connected together.
While the present disclosure 1s not so limited, an appreciation
of various aspects of the disclosure will be gained through a
discussion of the examples provided below.

FIG. 1 1s a schematic rendering of a memory cell 100 that
has two bit contacts and one source contact; memory cell 100
can be referred to as two bit memory or a two bitcell. Memory
cell 100 has bit contacts 110, 112 and a source contact 130,
which are electrically insulated from each other by transistor

gates 120, 122 (e.g., polysilicon gates). Source contact 130 1s
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clectrically connected to each bit contact 110, 112 via gate
120, 122, respectively. Contacts 110, 112, 130 are regions of
clectrically conducting material, 1n most embodiments, of
n-doped silicon. In some embodiments, contacts 110, 112,
130 may be regions of p-doped silicon. A field oxide insulator
(FOX) 150 extends parallel to bit contact 112 and a second
field oxade insulator (FOX) 152 extends transverse to each of
bit contacts 110, 112 and source contact 130. In some
embodiments, FOX 150, 152 may be replaced with shallow
trench 1solation (STT).

The various contacts 110, 112, 130 and gates 120, 122 have
a width of 2W (indicated 1n FIG. 1). Assuming bit contacts
110, 112 have the same length “B”, source contact 130 has a
length *“S™, gates 120, 122 have the same length “L”", and field
oxide insulators 150, 152 have alength “F”, the area occupied
by memory cell 100 1s 2B+S+2L+F)x(2W+F). As the length
of field oxide insulators 150, 152 (1.e., “F) approaches zero,
the area occupied by memory cell 100 1s 4BW+2SW+4 WL,

Memory cell 100 can be electrically connected to a bit line
(or adrain line), to a source line, and to a word line to activate
the bits of memory cell 100.

FI1G. 2 1s a schematic rendering of memory cell 200, which
1s a mirrored gate architecture, having a gate and a source
contact mirrored on each side of a bit contact. Memory cell
200 1s a four transistor (41) cell with two memory bits; cell
200 has two bit contacts, three source contacts, and four gates.
Memory cell 200 has “n” bit contacts and “n+1”" source con-
tacts. Memory cell 200 can be referred to as two bit memory
or a two bit cell. Unless indicated otherwise, the various
clements of memory cell 200 are the same as or similar to the
clements of memory cell 100.

Memory cell 200 has bit contacts 210, 212 and source
contacts 230, 232, 234, which are electrically imnsulated from
cach other by transistor gates 220, 222, 224 (e.g., polysilicon
gates ). Bit contact 210 1s electrically connected to each source
contact 230, 232 via gate 220, 222 respectively, and bit con-
tact 212 1s electrically connected to each source contact 232,
234 viagate 224,226, respectively. An insulation element 250
extends transverse to each of bit contacts 210, 212 and source
contacts 230, 232, 234. In some embodiments, 1nsulation
clement 250 1s a field oxide insulator (FOX) or shallow trench
1solation (STT). Insulation element 250 physically spaces and
clectrically insulates memory cell 200 (particularly, contacts
210, 212, 230, 232, 234) from any adjacent memory cell
column. Memory cell 200 1s mirrored, because a gate 1s
mirrored on each side of a bit contact (i.e., bit contact 210 1s
adjacent to and between gate 220 and gate 222, and bit contact
212 1s adjacent to and between gate 222 and gate 224).

The various contacts 210,212,230, 232, 234 and gates 220,
222,224, 226 have a width of W (indicated in FIG. 2). The
width of memory cell 200 1s half of the width of memory cell
100 of FIG. 1. As will be explained below 1n respect to FIG.
3, a memory cell having a word line connected to two tran-
sistor gates, as 1s memory cell 200, requires only halt the
physical width as one with a word line connected to one
transistor gate, as 1s memory cell 100 of FIG. 1. Assuming bit
contacts 210, 212 have the same length “B”, source contacts
230,232, 234 have alength “S™, gates 220,222, 224,226 have
the same length “L”, and 1insulation element 250 has a length
“F”, the area occupied by memory cell 200 1s (2B+3S+4L.)x
(W+F). As the length of field oxide msulator 250 (i.e., “F)
approaches zero, the area occupied by memory cell 200 1s
2BW4+3SW+4 WL, which 1s 2BW-SW less than the area of
memory cell 100 of FIG. 1.

Memory cell 200 can be electrically connected to a bit line
(or adrain line), to a source line, and to a word line to activate
the various bits of memory cell 200 and provide a memory.
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This connection between the contacts of memory cell 200 and
the bit or drain line or the source line may include a memory
clement that stores the data bit. This memory element may be
a resistive element (e.g., a programmable metallization cell or
a phase change metallization cell), a magnetic element, a spin
torque element (e.g., magnetic tunnel junction (MT1)), or
other memory element to provide, respectively, resistive
memory (RRAM), magnetic memory (MRAM), spin torque
memory (ST RAM), or other suitable memory. The memory
clement 1s connected epitaxially to the bit contact. Memory
cell 200 and other memory cells according to this disclosure
are able to have a higher density because the bit contacts and
the source contacts are shared by two gates. In some embodi-
ments, every bit contact and source contact, other than the
very first and last contact, are shared by two gates.

Memory 300, illustrated in FIG. 3, has four memory cells
arranged 1n two columns and two rows. The memory cells of
memory 300 are similar to memory cell 200 1n that the
memory cells of memory 300 have bit contacts and source
contacts shared by two gates. Memory 300 1s 1llustrated with
various bit lines (or drain lines), source lines, and word lines
connected to the memory cells. Between the memory cells
and the bit or drain line or the source line 1s a memory element
that stores the data bit. The memory element may be a resis-
tive element, a magnetic element, a spin torque element, or
other memory element.

Memory 300, 1n a first column, has bit contacts 310, 312
and source contacts 330, 332, 334 which are electrically
insulated from each other by transistor gates 320, 322, 324,
326 (e.g., polysilicon gates). An insulation element 350
extends transverse to each of bit contacts 310, 312 and source
contacts 330, 332, 334 and separates the first column from
any second column. In some embodiments, insulation ele-
ment 350 1s a field oxide insulator (FOX) or shallow trench
1solation (ST1). This second column has bit contacts 311, 313
and source contacts 331, 333, 335 that are electrically 1nsu-
lated from each other by transistor gates 320, 322, 324, 326,
which 1n this embodiment, are common and continuous
through insulation element 350. An msulation element 352
(e.g., a field oxide insulator (FOX) or shallow trench 1solation
(STI)) defines the end of contacts 311, 313, 331, 333.

Interconnecting bit contacts 310, 312 of the first column 1s
a bit line 380 (BL-0) and interconnecting source contacts 330,
332, 334 15 a source line 390 (SL-0). Stmilarly, interconnect-
ing bit contacts 311, 313 of the second column 1s a bit line 381
(BL-1) and interconnecting source contacts 331,333,335 1s a
source line 391 (SL-1). Memory 300, in this embodiment, has
parallel bit lines 380, 381 and source lines 390, 391, however
in other embodiments the bit lines may be orthogonal to the
source lines.

Orthogonal to bit lines 380, 381 and source lines 390, 391
are word line 370 (WL-0) and word line 371 (WL-1). Each of
word line 370, 371 electrically connects two transistor gates,
specifically, gate 320 with gate 322 and gate 324 with gate
326. In the 1llustrated embodiment, each word line 370, 371
has two elongate arms 370A, 370B and 371A, 371B, respec-
tively, extending parallel with gates 320, 322 and gates 324,
326, respectively. Respective arms 370A, 3708 and 371A,
371B are connected at least once, and in the illustrated
embodiment, at three locations along the length of arms
370A, 3708, 371A, 371B. In FIG. 3, jumper connection 355
1s indicated connecting arm 370A and arm 370B (additional
jumper connections are shown 1n FIG. 3, but not called out
herein). By connecting (e.g., shorting) the two arms together,
the same amplitude of signal (e.g., current) 1s achieved as
through a single line of twice the width or length. For this
reason, a memory cell having a word line connected to two
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transistor gates (e.g., memory cell 200 of FIG. 2 having a
width W) requires only half the width as one with a word line
connected to one transistor gate (e.g., memory cell 100 of
FIG. 1 having a width 2W).

FI1G. 4 illustrates a portion of memory 300 of FIG. 3 from
a side view, showing a substrate 301 (1n some embodiments,
p-doped silicon) having bit contacts 310, 312 and source
contacts 330, 332, 334 (in some embodiments, n-doped sili-
con) therein. Transistor gate 320 spans bit contact 310 to
source contact 330 and transistor gate 322 spans bit contact
310 to source contact 332. Gates 320, 322 are both connected
to word line 370. Similarly, transistor gate 324 spans bit
contact 312 to source contact 332 and transistor gate 326
spans bit contact 312 to source contact 334. Gates 324, 326
are both connected to word line 371.

As indicated in FIG. 3, memory 300 has two columns with
four transistors 1n each column. Memories and memory cells
according to this disclosure, having bit contacts and source
contacts shared by two gates and having two gates connected
to a word line, may have any number of columns and rows.
FIG. § illustrates a memory 500 having memory cells
arranged 1n three columns, with eight transistors in each
column, and with pairs of transistors connected by a word
line. Various features and elements of memory 500 are the
same or similar to those of memory cell 200 and/or memory
300, described above, unless indicated otherwise.

[lustrated memory 500 has twelve cells, arranged as three
columns with eight rows. It 1s understood that memories
could be made with any number of columns and rows of
memory cells, the memory having hundreds or even thou-
sands of memory cells. Fach memory cell will have a bit
contact between two source contacts, resulting in a memory
that has “n” bit contacts and “n+1” source contacts.

Memory 500 has a first column 501, a second column 502,
and a third column 503, separated by insulation element areas

506, 507. A third insulation element area 508 defines the end
of third column 503. Each column 501, 502, 503 has a bit or
drain line and a parallel source line extending along the length

of the column. Specifically, first column 501 has bit line 510
(BL-0)and source line 520 (SL-0), second column 502 has bit

line 511 (BL-0) and source line 521 (SL-1) and third column
503 has bit line 512 (BL-2) and source line 522 (SL.-2). These
lines extend the length of the column.

Each column 501, 502, 503 has four bit contacts 531, 532,
533, 534 and four source contacts 541, 542, 543, 544, 545
alternated with bit contacts 531, 532, 533, 534. A transistor
gate spans across adjacent contacts; memory 500 has eight
transistor gate arrays 551, 552, 553, 554, 555, 556, 557, 558,
which span across the three columns 501, 502, 503, resulting
in 24 total transistor gates. For example, gate 551 spans from
source contact 541 to bit contact 331, gate 552 spans from bit
contact 531 to source contact 342, etc. Connecting pairs of
transistor gates are word lines, which extend orthogonal to the
bit lines and source lines. Specifically, word line 560 (WL-0)
connects gate 551 to gate 552, word line 561 (WL-1) connects
gate 553 to gate 554, word line 562 (WL-2) connects gate 555
to gate 556 and word line 563 (WL-3) connects gate 557 to
gate 538.

Various embodiments of memories and memory cells have
been described above. The memories and memory cells of
this disclosure have an architecture that includes source con-
tacts that are electrically connected to two transistor gates and
bit or drain contacts that are electrically connected to two
transistor gates. Additionally, multiple (e.g., two) transistor
gates are electrically connected together via a word line. In
some embodiments, this architectural layout reduces the area
needed for field oxide mnsulator areas. The memories and
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6

memory cells of this disclosure are mirrored, 1n that a gate 1s
mirrored on each side of a bit contact. These various features
provide a higher density and reduce the amount of area

needed for the memory cell.
Thus, embodiments of the MIRRORED-GATE CELL

FOR NON-VOLATILE MEMORY are disclosed. The imple-
mentations described above and other implementations are
within the scope of the following claims. One skilled 1n the art
will appreciate that the present disclosure can be practiced
with embodiments other than those disclosed. The disclosed
embodiments are presented for purposes of illustration and
not limitation, and the present invention 1s limited only by the
claims that follow.

The mvention claimed 1s:

1. A memory comprising;:

at least one column having at least one memory cell;

at least one row having at least the one memory cell, the at
least one memory cell comprising:

a first source contact, a second source contact, and a first
bit contact between the first source contact and the
second source contact;

a first transistor gate spanning and electrically connect-
ing the first source contact and the first bit contact; and

a second transistor gate spanning and electrically con-
necting the first bit contact and the second source
contact;

a source line electrically connected to the first source con-
tact and the second source contact of the at least one
memory cell;

a bit line electrically connected to the first bit contact of the
at least one memory cell;

a word line electrically connecting the first transistor gate
and the second transistor gate; and

a first memory element electrically connecting the first bit
contact and the bit line.

2. The memory according to claim 1 further comprising a
second memory element electrically connecting the first
source contact to the source line.

3. The memory according to claim 2, wherein the second
memory element 1s independently chosen from a program-
mable metallization cell or a phase change metallization cell.

4. The memory according to claim 1, wherein the first
memory element 1s a resistive element.

5. The memory according to claim 4, wherein the resistive
clement 1s a programmable metallization cell or a phase
change metallization cell.

6. The memory according to claim 1, wherein the first
memory element 1s connected epitaxially to the first bit con-
tact.

7. The memory of claim 1 further comprising a second
column and an insulation element between the first column
and the second column, the second column having at least one
memory cell.

8. The memory cell of claim 7 wherein the insulation
clement 1s a field oxide 1nsulator.

9. The memory of claim 1, wherein the word line comprises
a first arm connected to a second arm, the first arm electrically
connected to the first transistor gate and the second arm
clectrically connected to the second transistor gate.

10. The memory of claim 1, the at least one memory cell
being a first memory cell, with the column further comprising,
a second memory cell adjacent the first memory cell, the
second memory cell comprising:

the second source contact, a third source contact, and a
second bit contact between the second source contact
and the third source contact:
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a third transistor gate spanning and electrically connecting,
the second bit contact and the second source contact; and
a Tfourth transistor gate spanning and electrically connect-
ing the third source contact and the second bit contact;
with a second word line electrically connecting the third °
transistor gate and the fourth transistor gate.
11. The memory of claim 10, wherein the word line com-
prises a first arm connected to a second arm, the first arm
clectrically connected to the first transistor gate and the sec-

ond arm electrically connected to the second transistor gate, 10
and wherein the second word line comprises a third arm
connected to a fourth arm, the third arm electrically con-
nected to the third transistor gate and the fourth arm electri-
cally connected to the fourth transistor gate. 5

12. The memory of claim 10, the column further compris-
ing a third memory cell adjacent the second memory cell and
a Tourth memory cell adjacent the third memory cell.

13. The memory of claim 10, wherein each memory cell

comprises an “n” number of bit contacts and “n+1” numberof »g

source contacts.
14. A memory comprising:
at least one column having at least one memory cell;
at least one row having at least the one memory cell, the at
least one memory cell comprising:

a first source contact, a second source contact, and a bit
contact between the first source contact and the sec-
ond source contact;

a first transistor gate spanning and electrically connect-
ing the first source contact and the bit contact; and

a second transistor gate spanning and electrically con-
necting the bit contact and the second source contact;

a source line electrically connected to the first source con-
tact and the second source contact of the at least one
memory cell;

a bit line electrically connected to the bit contact of the at
least one memory cell;

a word line electrically connecting the first transistor gate
and the second transistor gate;

a first memory element electrically connecting the bit con-
tact and the bit line; and
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a second memory element electrically connecting the first

source contact to the source line.

15. The memory according to claim 14, wherein the
memory comprises a plurality of source contacts and a plu-
rality of bit contacts.

16. The memory according to claim 135, wherein each

memory cell comprises an “n” number of bit contacts and

“n+1” number of source contacts.

17. The memory according to claim 14, wherein the
memory comprises a plurality of memory elements, with each
memory element electrically connecting a source contactto a
source line or a bit contact to a bit line.

18. The memory according to claim 17, wherein the plu-
rality of memory elements are resistive elements.

19. The memory according to claim 18, wherein the resis-
tive elements are independently programmable metallization
cells or phase change metallization cells.

20. A memory comprising;

at least one column having at least one memory cell;

at least one row having at least the one memory cell, the at

least one memory cell comprising:

a first source contact, a second source contact, and a bit
contact between the first source contact and the sec-
ond source contact;

a first transistor gate spanning and electrically connect-
ing the first source contact and the bit contact; and

a second transistor gate spanning and electrically con-
necting the bit contact and the second source contact;

a source line electrically connected to the first source con-

tact and the second source contact of the at least one

memory cell;

a bit line electrically connected to the bit contact of the at

least one memory cell;

a word line electrically connecting the first transistor gate

and the second transistor gate; and

a plurality of memory elements, with each memory ele-

ment electrically connecting a source contact to a source

line or a bit contact to a bit line, wherein each of the
plurality of memory elements are connected epitaxially
to 1ts respective source or bit contact.
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